In the last decade, an impressive amount of evidence has accumulated to indicate that the capillaries are capable of changing their caliber as a response to nervous impulses, independently of the arterioles; that is, that their r6le under certain conditions is active rather than passive. Rouget, in 1873, was the first to present anatomic evidence of the presence of branched cells, which he assumed were contractile, on the endothelial walls of the capillaries. Vimtrup (1922) , in Krogh's laboratories, has made histologic studies confirmatory of Rouget's work. The presence of contractile cells on the walls of capillaries has been shown in most tissues of mammals, also in birds, reptiles, and fishes, and more recently, in many tissues in man. Histologic proof is not complete, as contraction of capillaries has been demonstrated in the absence of Rouget cells. Clark and Clark (1925) recently reported that they have not been able to find contractile cells in the capillaries in tadpoles. St6hr (1926) was only rarely able to demonstrate nerve fibers to the capillary endothelium. Anatomic researches by Vimtrup (1923) on probably not yet sufficiently refined to delineate such small sympathetic fibers. Krogh's classical researches on the physiology, and more especially on the number and size of capillaries, in a given unit of tissue has given further impetus to investigation of and information on their autonomous behavior. From the experimental standpoint, then, it can be stated that there is much anatomic and physiologic proof to indicate an independent capillariomotor mechanism, under control of vasomotor nerves, and subject to vasodilator and vasoconstrictor influence.
Several workers in this field, for instance, Kukulka (1920) and Redisch (1924) , have advanced the theory that changes in caliber of the capillaries are due largely to chemical effects. This conception has been more extensively studied by Lewis and his associates. They believe there is a dilator substance present in the cells of the tissue, and that capillaries respond to certain forms of injury, including anoxemia and reactive hyperemia, in which there is liberation of a hypothetical dilating substance. These workers presented many convincing experiments and arguments. Krogh accepts this hypothesis, but advanced the opinion that more than one substance may be concerned in the reactions. Other investigators maintained that the change in the size of the capillary is due to variations in pressure dependent on the size of the arterioles. Kuntz (1929) recently summarized the subject by stating: "The data available at present do not afford an entirely adequate explanation of the caliber changes in the capillaries."
The effects of section of the sympathetic nerves and removal of the ganglions have been studied in the frog by several workers. The first effect is dilatation of the capillaries but the caliber is restored after a day, or restoration may be delayed for three months or longer. Even if dilatation of capillaries does not occur after sympathetic ganglionectomy, the state of the vessels is markedly modified, as shown by Drinker (1927) There is every reason to believe that the basis of the vascular disturbance in Raynaud's disease is due to increased stimulation of the sympathetic apparatus. This is manifested not only in the behavior of the surface vessels, but also in the sweat glands, as evinced by local hyperhidrosis. Information on the neurogenic basis of the vascular spasm in Raynaud's disease is furnished by the frequent initiation of attacks by excitement and by psychic or emotional trauma. We have witnessed this in many instances; on our coming into the room to carry out venipuncture on these patients, attacks of pallor would be initiated before puncture of the skin had occurred. The recent work of Lewis (1929) seems to have thrown some doubt on the vasomotor basis of some cases of Raynaud's disease. He is inclined to think, from his experiments, that there is a variety of Raynaud's disease which is due to some abnormality of the muscle of the small arterioles. The evidence presented, however, is not convincing, for his procedure for interrupting the vasomotor fibers to the fingers was by blocking the peripheral nerves with procaine. Such interruption may be far from complete. In the present state of knowledge, it is impossible to say that all of the sympathetic fibers are conveyed to the periphery through the spinal nerves. Many fibers may be conducted along the adventitial sheaths of the arteries. That this is probably true is borne out by the fact that occasionally the improvement obtained in cases of Raynaud's disease by perivascular sympathetic neurectomy is only partial. The most convincing evidence concerning the vasomotor basis of Raynaud's disease is the complete cessation of spasm in the surface vessels of the feet following lumbar ganglionectomy. Many of these cases have been followed over periods of three or more years.
In the advanced cases of Raynaud's disease, changes in the capillaries, following cervicothoracic ganglionectomy, were fairly typical (table 1, fig. 2 ). There was decrease in the cajiber of the capillaries in every instance, although moderate degrees of dilatation still persisted.
The average decrease was from 0.07 to 0.03 mm. for the group. A from an indefinite mass to a bizarre shaped loop with more clearly defined outlines.
It was apparent that the overactive sympathetic vasomotor effects on the arterioles were diminished, as in the uncomplicated cases of Raynaud's disease, but not to the same degree. The changes in the transparency of the skin was of the greatest interest. Two possible factors may be responsible for this (1) With the acceleration of the flow in the capillaries and the probable improvement in permeability of the capillaries and metabolism of tissue, certain products or fluids may be removed from the cells in the skin, and (2) the brownish pigmentation which is so commonly present may gradually diminish after operation, thus altering the transparency of the skin.
The surface temperatures were increased after operation in every case. The increase was gradual during the first week after operation. The increase, however, was not of the same magnitude as that which occurred in the uncomplicated cases of Raynaud's disease, and averaged 5.60C. for the group. This is easily understood when it is realized that in scleroderma there is organic quantitative diminution in the number of the cutaneous vessels and that new vessels do not open up in the short period of postoperative observation to the same degree as in Raynaud's disease. The increase in the surface circulation was due to the removal of the overactive vasoconstriction of the arterioles and the increase in the number of open capillaries.
Thrombo-angiitis obliterans Two cases of thrombo-angiitis obliterans involving the larger arteries of the upper extremities were studied. Associated with the occlusive disease of the arteries was a vasospastic disturbance of the fingers, characterized by attacks of pallor and cyanosis following exposure to lowered temperatures. One or more of the palpable arteries of the wrist were occluded. The spastic disturbances were of great interest. They were undoubtedly secondary and due to the irritative inflammatory disease involving all coats of the arteries. Cases of thrombo-angiitis obliterans, with vasomotor disturbances, are very often erroneously diagnosed as Raynaud's disease in the male, as has been noted by Buerger (1924) and by Allen and Brown (1927) .
The capillaries of the nailfold in the cases of thrombo-angiitis obliterans, with a secondary vasospastic disturbance, were essentially different from those in cases of Raynaud's disease (fig. 5) There is slight dilatation of the capillaries and venules visible blood becoming cyanotic. Large, dilated, atonic capillaries, such as those observed at room temperature in well developed cases of Raynaud's disease were not observed. The tonus of the capillaries seemed to be maintained better than in Raynaud's disease. Following cervicothoracic ganglionectomy, the surface temperature of the fingers and hands were increased, indicating arteriolar dilatation. The surface capillaries were increased in number and for each unit area of skin ( fig. 6) There is a marked increase in the number of visible capillaries and a slight lessening of the caliber. lowered enviro.nental temperature, stasis and intermittency of flow was much less noticeable. The changes in the surface vessels correlated well with the clinical improvement observed i'n these cases. Attacks of cyanosis and pallor disappeared, and there was a greater tendency of the hands to maintain a normal pink color. The rubor of the hands, while in the dependent position, was much less marked.
The changes that occur in the capillaries in cases of thromboangiitis obliterans are similar to, but less marked than, those which occur in Raynaud's disease. The surface temperature increases sharply immediately after operation. This must be due to the decrease in the exaggerated vasoconstrictor tonus of the arterioles of the collateral circulation. (table 3) . .The hands in many of these cases were cool, moist and mildly cyanotic. Excessive sweating of the hands and feet is the rule. There were no significant variations in the size and form of the capillaries of the nailfold, and there was a normal number for the unit area of skin. The capillary flow was easily retarded by chilling. These observations constituted evidence of overstimulation of the sympathetic apparatus.
In many respects the appearance of the capillaries of the nailfold was that observed in the so-called normal persons with moist, cool extremities.
The only significant change noted in the capillaries after operation was an increased number of capillaries for each unit area of skin. There was no measurable increase or decrease in the caliber of the capillaries. No Following sympathetic ganglionectomy, in cases of vasomotor forms of scleroderma, the capillaries are decisively changed. There is a decrease of 50 per cent in the width of the column of capillary blood. There still remains some dilatation, however, for the average width after operation is 0.05 mm., the normal being approximately 0.02 mm. The number of loops is increased, but not comparably to the increase in the cases of Raynaud's disease. This is due to the fact that in scleroderma there is a true organic decrease in the number of surface vessels. In four to six weeks after operation higher surface temperatures are present than one week after operation. This suggests that new vessels gradually have opened. The improvement in the transparency of the skin is definite, and probably is an effect of improved lymphatic circulation with removal of fluids or other metabolic products from the skin. There is reason to believe that dilator substances play a part in these forms of scieroderma, but the number of capillaries is so reduced that their dilatation does not markedly affect the color of the skin. It seems likely that there is an additional factor in that the giant forms of capillaries, with marked distortion, represent compensatory efforts to develop a collateral circulation in the skin. This may explain the residual dilatation which remains after operation.
In the one case of arthritis, in which the patient could be considered a control or normal subject, the capillaries were of fairly normal tonus. After operation, no change in the caliber of the capillaries was found, increase in the number of loops was not noted, and the color of the skin likewise did not change. The sole quantitative vascular change was that of arteriolar dilatation as measured by the increase in the surface temperature and in the rate of elimination of heat. These observations on capillaries of normal or increased tonus, which has been subsequently verified by similar observations in two other cases, indicate that in the skin of the human being the abolishment of sympathetic innervation seems to have no visible or measurable effect on the size and number of the capillaries. In this case, the color of the skin resumed a more normal pink, which was due to increased rapidity in the capillary flow.
The impression gained by these studies is that in certain states of disease, in which the tonus of the capillaries was diminished, that of the arterioles was increased. Removal of the sympathetic ganglions has a paradoxic effect. There, tonus of capillaries is increased, and tonus of arterioles is decreased. The former effect can be explained on a chemical basis and the latter on the basis of direct response from dividing the vasomotor nerves.
SUMLARY AND CONCLUSIONS
Quantitative studies on the capillaries of the skin of human beings have been made both before and after cervicothoracic sympathetic ganglionectomy. Nine cases of advanced Raynaud's disease, four cases of vasomotor forms of scleroderma, four cases of primary scleroderma, two cases of thrombo-angiitis obliterans, and one case of arthritis of the hands have been studied.
The operation did not cause dilatation of the capillaries (the usual physiologic effect) in any case. On the contrary, there was consistent narrowing of the dilated atonic capillaries in Raynaud's disease, and an increase in the number of visible capillaries. This could be explained on the basis of a diminished concentration of a theoretic chemical dilator substance in the tissues.
Following sympathetic ganglionectomy in eight cases of vasomotor and primary forms of scleroderma, there was definite reduction in the caliber of the capillaries. The number of open capillaries for each square millimeter of skin increased. There was quantitative evidence of arteriolar dilatation and lessened response on the part of these vessels to cold. Clinical improvement of some degree occurred in every case.
In the cases of thrombo-angiitis obliterans and arthritis, in which the capillaries were of fairly normal caliber and tonus, following operation no change in the width of the capillaries was noted. The intermittent slow flow of cyanotic capillary blood changed to one that was rapid, regular, and of normal color. The number of open capillaries was increased.
The major effect of sympathetic ganglionectomy is exerted on the arterioles. There is a sharp, maintained increase in the surface temperature of the skin of the hand in every case. These studies add some confirmation to the opinions of those who hold to the importance of chemical factors in modifying tonus in the capillaries of the skin of human beings. Chemical control of these vessels seems, under certain conditions, more effective than nervous control.
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